Introduction: Irritable bowel syndrome (IBS) is characterized by recurrent abdominal pain, bloating, and changes in bowel habit. Aims: To determine the clinical effectiveness of the antispasmodic agents available in Mexico for the treatment of IBS. Methods: We carried out a systematic review and meta-analysis of randomized controlled clinical trials on antispasmodic agents for IBS treatment. Clinical trials identified from January 1960 to May 2011 were searched for in MEDLINE, the Cochrane Library, and in the ClinicalTrials.gov registry. Treatment response was evaluated by global improvement of symptoms or abdominal pain, abdominal distention/bloating, and frequency of adverse events. The effect of antispasmodics vs placebo was expressed in OR and 95% CI. Results: Twenty-seven studies were identified, 23 of which fulfilled inclusion criteria. The studied agents were pinaverium bromide, mebeverine, otilonium, trimebutine, alverine, hyoscine, alverine/simethicone, pinaverium/simethicone, fenoverine, and dicyclomine. A total of 2585 patients were included in the meta-analysis. Global improvement was 1.55 (CI 95%: 1.33 to 1.83). Otilonium and the alverine/simethicone combination produced significant values in global improvement while the pinaverium/simethicone combination showed improvement in bloating. As for pain, 2394 patients were included with an OR of 1.52 (IC 95%: 1.28 a 1.80), favoring antispasmodics. Conclusions: Antispasmodics were more effective than placebo in IBS, without any significant adverse events. The addition of simethicone improved the properties of the antispasmodic agents, as seen with the alverine/simethicone and pinaverium/simethicone combinations. 
Introduction
Irritable bowel syndrome (IBS) is a frequent gastrointestinal functional disorder in the western world and Mexico is not an exception. 1 It is characterized by recurrent abdominal pain, bloating, and defecation disorders. 2, 3 The pathophysiology of IBS is not yet fully understood 4, 5 ; but increased pain sensitivity and altered small bowel and colon motility are main factors contributing to IBS symptoms. When compared with healthy controls, IBS patients demonstrate both visceral hypersensitivity and hyper-reactive motility. 6 Antispasmodic agents are believed to reduce pain associated with IBS through the inhibition of contractile pathways in the gut wall and to improve bowel habits by increasing colonic transit time, therefore reducing stool passage frequency. Previous meta-analyses 7, 8 have proven the usefulness of antispasmodics alone in the treatment of IBS. Nonetheless, antispasmodic availability differs among countries. In the United States, the American College of Gastroenterology review concluded that data were insufficient for making a recommendation as to the effectiveness of the available antispasmodic agents. 9 In Europe for example, the utility of the available antispasmodics has been evaluated, 10 however, there is no information regarding the effectiveness of those available in Latin America. Therefore, we conducted a systematic review of antispasmodic agents, both alone and in combination, for the treatment of IBS, and carried out a meta-analysis of the data obtained. This was done to determine the clinical effectiveness of the available antispasmodic agents as sole formulations or in combination with simethicone, and to update the current information on IBS treatment in Mexico.
Methods
To determine the antispasmodic agents that are available in Mexico, we reviewed the therapeutic index of the Dictionary of Medical Specialties (Diccionario de Especialidades Médicas), PLM ® , Mexico-2011. We focused the search on section A3 of the index that lists all the agents for functional gastrointestinal disorders. The identified antispasmodics were further searched for in a systematic review conducted in MEDLINE, Cochrane Library, and ClinicalTrials.gov from January 1960 to May 2011 and in abstracts presented at the Digestive Disease Week (DDW) and the Mexican Disease Week (Semana Nacional de Gastroenterología) from 2010-2011. The agents listed in Table 1 were analyzed. Accordingly, the search terms were Irritable Bowel Syndrome and the following antispasmodics: pinaverium bromide, mebeverine, otilonium, trimebutine, alverine, hyoscine, alverine/simethicone, pinaverium bromide/simethicone, alverine/simethicone, fenoverine, and dicyclomine. Tw o physicians conducted the search, then reviewed the results and resolved the existing discrepancies. Figure 1 explains the selection process for including papers in the meta-analysis. Articles selected The table shows all trials initially considered for analysis. Those with a Jadad score below 3 were subsequently eliminated. Total daily dosages are described.
for review were those in which the authors employed the same inclusion criteria. Afterwards, the studies were reexamined to confirm that they fulfilled the inclusion criteria. Finally, the meta-analysis was conducted according to predetermined protocols and following the standard recommendations proposed by Sack et al.
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These recommendations consist of a rigorous review which includes the aspects listed in 
Inclusion criteria
The following criteria were used for selecting the studies: Randomized controlled trials that included subjects over 16 years of age, a diagnosis of IBS based on accepted clinical criteria (Rome I, II or III), or diagnostic criteria supplemented with specific investigations when needed. Antispasmodic agents versus placebo studies were included when there was a minimum 14-day treatment period. Treatment response was evaluated by the global improvement (Table 3 ). This scoring scale evaluates each trial according to the quality of the scientific description of the randomization method. The scale ranges from 0 to 5 points: A score of 2 or less is considered low quality and 3 or higher is considered high quality.
12---14 The present review only included studies with a Jadad score of 3 or above.
Statistical analysis
The Critical Appraisal Skills Program (CASP) was used with Excel for Windows 2000 (Microsoft, USA) for calculating the meta-analysis, and the Comprehensive Meta-Analysis V2 © by Biostat, Inc. was also used. Each analysis was run in accordance with standard methodological procedures using the following determinations: a test of heterogeneity 15 between active versus control group results. This was considered significant when p<0.10 and/or the value of I 2 >25%. Antispasmodic efficacy was defined according to the Peto method. 16 In addition, a funnel plot graph 17 was used to evaluate publication bias. Finally, the Number Needed to Log peto odds ratio Standard error 2 3 Figure 2 Publication bias assessment funnel plot for trials considered in overall improvement.
Treat (NNT) 18 was determined using the formula NNT=1-TBE (1-OR)/TBE divided by TBE (1-TBE) (1-OR).
Results

Included randomized clinical trials
A total of 450 publications were identified from 1960 to 2011. Twenty-seven studies fulfilled the inclusion criteria and 23 were included in the meta-analysis after the Jadad score was determined. Nine specific agents were tested as monotherapies, plus the alverine/simethicone and pinaverium/simethicone combinations. For the global assessment endpoint, a total of 2585 patients were included; 1297 were allocated to active treatment groups and 1288 to the placebo group. Of these trials, 6 studied mebeverine, 7 otilonium, 3 hyoscine, 2 trimebutine, one alverine plus simethicone (alverine/simethicone), one dicyclomine, 2 pinaverium bromide, and one pinaverium bromide plus simethicone (pinaverium bromide/simethicone). Despite the systematic search for trials with high quality criteria, not all trials reported the effect on all the studied outcomes, i.e. global assessment, pain, abdominal distention/bloating, and adverse events, and therefore a different number of trials was considered for each tested variable.
Heterogeneity testing was not significant (p≥0.05), allowing the use of the Peto method and fixed effects. Publishing bias evaluation was tested using the funnel plot shown in Figures 2 and 3 .
Meta-analysis
Patient global assessment Of the 27 trials included for the global assessment analysis, only 18 had sufficient data for consideration. The total sample included 2585 patients, with 1297 allocated to the treatment group. Global assessment with an OR of 1.55 and a 95%CI of 1.33 to 1.83 was confirmed for all antispasmodics (Fig. 4) . Based on the Peto method, a significant difference favoring the alverine/simethicone combination and otilonium was observed. The OR for otilonium was 2.03 (95% CI 1.49-2.77), and was 1,76 (95%CI 1.18-2.61) for the alverine/simethicone combination. The OR for pinaverium bromide was 1.48 (95%CI 0.95-4.63), as shown in Figure 4 . Percentage of patients with abdominal pain improvement A total of 13 trials contained enough data to evaluate pain relief. They included a total of 2394 patients, 1053 allocated to otilonium and 409 to the alverine/simethicone combination treatment; both providing the highest number of patients for a particular therapy. Antispasmodics tested for abdominal pain relief showed an OR of 1,52 (95%CI 1.28 to 1.80), favoring these agents when compared with placebo. Complete results are shown in Figure 5 .
Percentage of patients with abdominal distention/bloating relief
The results for the efficacy analysis of abdominal distention/bloating relief are shown in Figure 6 ; however, few trials appropriately report this effect. Although efficacy is borderline with an OR of 1.455 (95%CI 1.17-1.81) , there is a consistent trend of antispasmodics as a group to relieve abdominal distention/bloating. The combination pinaverium/simethicone showed an OR of 1.455 (95%CI 1.11-9.91).
Rate of adverse events (safety)
The OR for the antispasmodic treatment group was 0.738 (95% CI 0.54-0.98). Results are shown in Figure 7 . Previous meta-analyses 7, 8, 19 have shown antispasmodic treatments to be safe. All trials included in the present meta-analysis consistently showed safety, corroborating the safe profile for these agents demonstrated in the most recent reports.
20,21
Number Needed to Treat (NNT) The NNT was calculated only for the antispasmodics showing a significant value of 10 in global assessment (95% CI 6.0-41.0). The NNT for global improvement was 7 for Otilonium and 8 for Alverine/simethicone and 8 and 11 for pain relief, respectively.
Discussion
Decision-making in medical practice today often requires answers to concrete questions. In 1976 Glass 22 proposed a set of different statistical tests in the meta-analysis for quantitative and qualitative analyses based on results from independent trials. Previous studies mention the discrepancy among different trials due to a lack of uniformity in diagnostic criteria. In the present analysis, we decided to remove those trials that had a Jadad score below 3, in other words, of low quality (Table 3) . We felt that an analysis of low quality trials could be a significant source of bias for the interpretation of results. For global assessment, only otilonium 2,035 (95% CI 1.49-2.77) and the alverine/simethicone combination 1.76 (95%CI 1.18-2.61) showed significant values. For pain relief, alverine/simethicone 1.48 (95% CI 1.00-2.19) and otilonium 1.83 (95% CI 1.43-2.34) demonstrated significant values. Recently, two abstracts that studied the combination of pinaverium bromide/simethicone came to interesting conclusions. They reported that pinaverium bromide/simethicone was effective for relieving abdominal pain in patients with active IBS 23 and in improving bloating, 24 but not visible abdominal distension. These results suggest an effect on visceral perception. 24 However, the published abstracts did not contain the data necessary for the current meta-analysis. Therefore, the authors were contacted Figure 7 Adverse events. There were no differences in the rate of adverse events between antispasmodics and placebo. Antispasmodics shown to be safe.
Group by comparison
for the completion of the required information. This is the first meta-analysis to incorporate the combination of antispasmodics with an anti-foaming agent that may constitute a new therapeutic option.
The combination pinaverium/simethicone resulted in an OR of 1.45 (95% CI 1.11-3.91) for bloating. The effect with the addition of simethicone was greater than that of the antispasmodic alone, and was similar to the effect shown by the alverine/simethicone combination. The NNT, calculated from the systematic review or meta-analysis of randomized clinical trials, is a valuable aid in making clinical decisions. 18 The NNT was recently included in a meta-analysis of medications to treat IBS. 25 Results showed a wide range of NNT values; from 4 to 20 for 5-HT3 antagonists and 5HT4 agonists. Other analyses also included antispasmodic medications 21 with a wide NNT range; from 3 to 25 depending on the particular antispasmodic tested. We only calculated the NNT for the global assessment and pain relief in those medications with a significant OR and 95% CI. We found that the antispasmodics with the lowest NNT to achieve global improvement were otilonium and the alverine/simethicone combination; an NNT of 7 for otilonium and 8 for the combination. For pain relief, the NNT was 7 for otilonium and 11 for alverine/simethicone. The NNT from a meta-analysis should be viewed with caution, 26 since these data vary according to patient baseline risk and this could be significantly different among the trials included in the analysis.
The weaknesses in this meta-analysis were the variability among the groups of patients across different trials and the insufficiency of data such as treatment adherence and the length of time during which each patient took the medications.
Conclusions
The lack of methodological coherence in trials published before 1995 makes it difficult to reach final conclusions about the efficacy of certain medications. Publication of the Rome II and III trial design recommendations for functional bowel disorders is an advance in the methodological quality of antispasmodic trials; however, few of them include the recent diagnostic criteria in their design. Antispasmodic agents are better than placebo for treating IBS, with almost no serious adverse events. The alverine/simethicone combination and otilonium showed a NNT of 7 to 11 with significant results for global assessment and pain relief. Pinaverium/simethicone also showed effectiveness in relieving bloating and had better results than pinaverium alone. Future clinical investigations should include the combination of antispasmodics and anti-foaming agents to improve the clinical effect of antispasmodics.
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